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cage aggression in group-
housed laboratory male mice: an 
international data crowdsourcing 
project
Katie Lidster1, Kathryn owen1, William J. Browne2 & Mark J. prescott1*
Aggression in group-housed laboratory mice is a serious animal welfare concern. further understanding 
of the causes of mouse aggression could have a significant impact on a large number of laboratory 
animals. The NC3Rs led a crowdsourcing project to collect data on the prevalence and potential 
triggers of aggression in laboratory mice. the crowdsourcing approach collected data from multiple 
institutions and is the first time such an approach has been applied to a laboratory animal welfare 
problem. technicians observed group-housed, male mice during daily routine cage checks and recorded 
all incidents of aggression-related injuries. In total, 44 facilities participated in the study and data 
was collected by 143 animal technicians. A total of 788 incidents of aggression-related injuries were 
reported across a sample population of 137,580 mice. The mean facility-level prevalence of aggression-
related incidents reported across facilities was equivalent to 15 in 1,000 mice. Key factors influencing 
the prevalence of aggression included strain; number of mice per cage; how mice were selected into a 
cage; cage cleaning protocols; and transfer of nesting material. practical recommendations have been 
provided to minimise aggressive behaviour in group-housed, male mice based upon the results of the 
study and taking into consideration the current published literature.
Mice are used extensively for the purposes of scientific research, with over 2.7 million mice being used in the UK 
alone in 20171. Guidelines on their use and care in the laboratory recommend group housing to allow perfor-
mance of natural behaviours which benefit the welfare of this social species2–4. However, natural social groupings 
for male mice are complex and difficult to directly replicate in the laboratory setting5. In the wild, a dominant 
male will share and defend a territory with several females and their offspring, with the subordinate males dis-
persing to establish their own territories6. In the laboratory, group-housed male mice are confined in cages and 
have been reported to display dominance hierarchies and associated dominance behaviours7,8. Urinary and plan-
tar gland odour cues are important for communication and maintaining these social hierarchies9.
Aggression can be defined as the behaviour of one individual that results in a defensive or retaliation response 
by another. Although aggression is reported in both male and female mice, it is most commonly reported in 
males. Aggression is part of establishing a dominance hierarchy, but in the confines of the laboratory cage, subor-
dinate animals are unable to escape from aggressors. Aggression in laboratory mice leads to stress, pain and even 
death10. Aggression can also influence the scientific outcomes of experimental studies. For example, pain and/or 
injury as a result of aggression can lead to changes in physiological parameters, increasing data variability and 
reducing statistical power and external validity11. A common approach to reducing aggression-related injuries is 
to singly-house the aggressor or injured mouse to prevent further injury. However, singly-housing a social species 
is itself an additional welfare concern5.
Increasing understanding of aggression in group-housed male mice and how to prevent it could have a large 
welfare impact on a significant number of laboratory animals. Several factors have been identified as contribut-
ing to aggression amongst group-housed male mice, including strain12, environmental enrichment13, group and 
cage size14,15, weaning age16 and cage cleaning regime17. Studies to investigate aggression in laboratory mice have 
commonly taken the approach of staged encounters of unfamiliar mice (e.g.18). Limited studies have evaluated 
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aggression arising spontaneously in the laboratory setting. Such studies may identify aspects of routine housing 
and husbandry that could influence aggressive behaviour.
The aim of the current study was to collect data on incidents of aggression to determine the prevalence and 
triggers of cage aggression in group-housed male mice and to provide an evidence base to inform and support 
best practice to minimise aggressive behaviour and any single housing of laboratory mice. The study used a 
crowdsourcing approach (“the collective wisdom of the crowd to achieve a solution to a problem that effects the 
crowd”19) and data were collected by animal technicians across participating research establishments. The benefit 
of using crowdsourcing was the ability to collect data from a very large population of laboratory mice across mul-
tiple facilities. This approach also avoids the unnecessary use of experimental animals, in line with the principles 
of the 3Rs.
Results
prevalence of aggression. The prevalence was calculated as the number of mice (or number of cages of 
mice) presenting with aggression-related injuries as a fraction of the total number of mice (or total number 
of cages of mice) in the facility for the period of data collection (see Methods for data collection). Using data 
provided from all facilities, a ‘snapshot’ of prevalence of aggression was calculated. Data was excluded for four 
facilities: three due to lack of information on the total number of mice held during the data collection period; and 
one which used an unconventional mouse strain derived from a wild mouse population (i.e. not the population 
of interest) which reported an abnormally high incidence of aggression (48%) (n = 1).
This left a total of 137,580 mice and 45,412 cages across 40 facilities which were included in prevalence anal-
ysis. A total of six facilities reported no incidents of aggression. The size of facilities participating in the study 
ranged from 80 to 27,206 mice and 18 to 11,965 cages held during the collection period. The mean prevalence 
of aggression-related injuries was calculated from the mean prevalence from each facility and calculated to be 
0.0153 (mice with aggression-related injuries/total number of mice) which equates to 1.53% or ~15 in 1,000 mice. 
The mean prevalence for cages was calculated to be 0.0294 (cages of mice with aggression-related injuries/total 
number of cages) which equates to 2.94% or ~29 in 1,000 cages (average of facility means for n = 40 facilities) 
(Fig. 1). The prevalence data was also calculated for UK institutes only (n = 32) and found to be 0.0147 (mice with 
aggression-related injuries/total number of mice) which equates to 1.47% or ~15 in 1,000 mice and 0.0223 (cages 
of mice with aggression-related injuries/total number of cages) which equates to 2.23% or ~22 in 1,000 cages. The 
difference in prevalence between mice and cages reflects the spread of aggression across different cages.
The prevalence of aggression varied across different strains. Due to the large variation of strains housed in 
the facilities during the data collection period, the most commonly reported strains were categorised accord-
ing to their common strain lineage (i.e. 129S, C3H, C57BL/6, CBA, CD1, BALB/c, DBA, FVB) and prevalence 
of aggression was calculated (Fig. 2). In total, these categorised strains represent 72% (98,426 of 137,580) of 
mice observed during the study. Of these strains, strains showing high-prevalence of aggression include C3H, 
CBA and CD1; strains showing low-prevalence of aggression include 129S, C57BL/6 and BALB/c. A Chi-square 
test of independence was used to compare the prevalence of aggression-related injuries and showed significant 
differences between strains when looking at incidents at the mouse (χ2(7) = 318.72, P < 0.001) and cage level 
(χ2(6) = 202.12, P < 0.001).
Standard conditions. A summary of the standard conditions can be found in the Supplementary Table 3. 
The data from each facility was compared with the prevalence of aggression in the facility. The aggregated data 
from across 40 facilities was combined to identify standard condition variables of interest. The odds ratios of each 
standard condition being associated with an increase/decrease in aggression are shown in Fig. 3.
Figure 1. Prevalence of aggression-related injuries in mice (blue) and cages (green) expressed as a proportion 
(n = 40 facilities). Box plot shows mean, median, upper and lower quartiles. Data falling outside of the upper 
and lower quartiles range are plotted as outliers.
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Analysis of the data showed that the following standard conditions were associated with a decrease in 
aggression-related injuries: selecting animals into a cage by littermates (OR = 0.367, P = 0.014), and spot clean-
ing as needed (OR = 0.374, P = 0.014). The following standard conditions were associated with an increase in 
aggression-related injuries: selecting animals into a cage randomly (OR = 3.800, P = 0.021), sourcing animals 
from supplier A (OR = 2.550, P = 0.033), and not transferring nesting material (OR = 3.680, P = 0.039). The 
number of mice housed per cage also had an impact, with five mice per cage reducing incidents (OR = 0.389, 
P = 0.014) and three mice per cage increasing incidents (OR = 5.166, P < 0.001).
injury log. 878 incidents of aggression-related injury were reported in total from all 44 facilities that participated. 
Ninety incidents were excluded due to lack of evidence of the injuries having occurred during the data collection 
period (e.g., old bite marks, no evidence of behavioural changes) or because the animals were breeding stock. In 
Figure 2. Prevalence of aggression-related injuries in mice (blue) and cages (green) for the top ten most 
commonly reported strains in the study with 95% confidence intervals. Strains include 129S (n = 5,113 mice, 
n = 1,307 cages), C57BL/6 (n = 78,487 mice, n = 26,613 cages), BALB/c (n = 6,292 mice, n = 697 cages), FVB 
(n = 4,388 mice, n = 114 cages), CD1 (n = 2,443 mice, n = 680 cages), DBA (n = 509 mice, n = 92 cages), CBA 
(n = 937 mice, no data available for cages), C3H (n = 257 mice, n = 74 cages). See Supplementary Table 2 for 
further information.
Figure 3. Effects of standard conditions on the prevalence of aggression across facilities (n = 40 facilities). An 
odds ratio above one (blue) indicates that aggression is more likely when the standard condition variable is 
present. An odds ratio below one (green) indicates that aggression is less likely when the standard condition 
variable is present. (***p < 0.001, *p < 0.01). See Supplementary Table 3 for further information.
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total, 788 mice were included in the analysis. A descriptive summary of the mice presenting with aggression-related 
injuries and their housing and husbandry conditions is presented in Fig. 4, showing data on the number of mice per 
cage, cage type, status of animals, genetic status, source of animals, age of animals, time housed with mice in current 
cage, days since last cage change and method of identification. Note for the results that follow these are descriptive: 
we only have the number of injuries observed for each category and not the total number of mice in each category, 
therefore the observed effects may reflect the high incidence of mice in this category from the total population.
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Figure 4. Summary of housing and husbandry conditions for mice showing aggression-related injuries 
(n = 788 incidents of aggression) for: (a) number of mice per cage, (b) cage type, (c) status of animals, (d) 
genetic status, (e) source of animals, (f) age of animals, (g) time housed with mice in current cage, (h) days since 
last cage change, (i) method of identification.
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Aggression-related injuries were reported in cages varying from two to 12 mice per cage; the most com-
monly reported group composition where aggression was observed was three per cage (Fig. 4a). Only six facilities 
reported holding three mice per cage as a standard condition (see Supplementary Table 3); however, an additional 
18 facilities reported aggression-related incidents from mice housed as three mice per cage. This could be due to 
facilities housing mice at larger stocking densities initially and reducing this to three per cage as mice are removed 
for mating, experiments or due to aggression.
Most incidents of mouse aggression were observed in mice held in IVC cages (67%, 527 of 788 incidents) 
compared to conventional cages (31%, 248 of 788 incidents) (Fig. 4b). The majority of mice were held in cages 
awaiting use (i.e. stock animals) (85%, 667 of 788 incidents) rather than in an experimental study (14%, 115 of 788 
incidents) (Fig. 4c). Of those mice that were in an experimental study, a wide range of procedures were reported 
(e.g. intravenous administration, blood collection, behavioural tests).
Most incidents of aggression were recorded in mice of C57BL/6 lineage (58%, 459 of 788 incidents) (Fig. 5), 
which simply reflects the high number of this lineage held during the data collection period and is not a direct 
reflection of the prevalence of aggression in this strain, which is low (see Fig. 2 for information about prevalence 
in different strains). Nearly all incidents (97%, 633 of 650 incidents) involved mice with no marked difference in 
size between other mice in the cage (observations only).
A range of behavioural changes were observed in 38% of cases (301 of 788 incidents) (Fig. 6) and were inter-
preted and classified into categories by each individual facility. Behavioural changes included fighting (33%, 260 
incidents), chasing (6%, 49 incidents), mounting (2%, 19 incidents), and submission of a subordinate mouse 
(2%, 14 incidents). No behavioural changes were observed or reported in the remaining 62% of cases (487 of 788 
incidents). Participants provided a description of the aggression-related injuries including wounds and hair loss 
(Fig. 7). Most wounds were found on the tail (27%, 226 incidents), lower back (23%, 190 incidents) and rump 
(10%, 81 incidents). Hair loss was mostly reported on the lower back (37%, 154 incidents), upper back (15%, 62 
incidents) and rump (14%, 60 incidents).
Actions to prevent further injury. Following observations of aggression-related injuries, participants were 
asked to report actions taken to minimise further injury (Fig. 8a). This included actions to remove the injured mouse 
(40%, 312 of 788 incidents) or to remove the aggressor (13%, 99 of 788 incidents), increased observations of the cage 
(30%, 238 of 788), adding further enrichment (27%, 210 of 788 incidents) and alternatively, treatment applied to the 
injured mouse (1%, 8 of 788 incidents). More participants removed the injured mouse than removed the aggressor, pos-
sibly reflecting the relative ease of identifying the injured mouse in a cage and difficulty in identifying the bully. Other 
actions reported included singly housing all mice from the cage, changing the bedding material or moving mice to a 
larger cage. In over 99% (779 of 788 incidents) of reported cases of injuries, action was taken to prevent further injury.
Figure 5. Strains of mice presenting aggression-related injuries (n = 788 mice).
Figure 6. Behavioural changes observed in mice with aggression-related injuries (n = 301 mice).
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To further investigate the impact of the actions taken to prevent aggression, the cage of animals was observed 
over a seven-day follow-up period. Data was submitted for the seven-day follow-up period for 494 incidents 
(Fig. 8b). In over 90% of cases, the action taken prevented further injury (i.e. no further incidents of aggression 
were recorded). No further incidents of aggression were observed in most cases after action was taken to either 
add enrichment, remove the bully or remove the injured mouse.
Figure 7. Description of aggression-related injuries, including hair loss (green) and bite or scratch wounds 
(purple) (n = 788 mice).
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Discussion
prevalence. Prevalence measures the proportion of mice in a population with aggression-related injuries at 
a certain point of time. We understand this is the first attempt at understanding prevalence of aggression across 
a very large sample of laboratory mice (137,580 animals) in an observational setting across multiple institutions. 
The prevalence of male mouse aggression provides a background rate (15 in 1,000 mice), which can be used by 
other facilities as a benchmark for good practice.
Strain differences. Strain-specific differences in aggression were observed and provide a snapshot of strains 
with a higher and lower prevalence of aggression. A comparison of multiple strains together has not previously 
been reported on this scale, although it is known that there is a strain difference in the levels of aggression20. Our 
study results are generally supported by the existing evidence base, which shows strains with a higher level of 
aggression include CBA21 and CD-112,22 compared to strains with a lower level of aggression such as C57BL/623. 
In a survey of mainly UK stakeholders5, C57BL/6 mice were among the strains most commonly considered “too 
aggressive to be group housed”. However, this finding may be due to the greater number of C57BL/6 mice held 
in UK laboratories in comparison to other strains. Our study in fact showed C57BL/6 are amongst the strains 
showing low levels of aggression. Differences in prevalence of aggression in strains may reflect differences in 
underlying neural mechanisms controlling behaviour21. Subtle genetic alterations can have profound effects on 
behavioural responses24; for example, differences in social behaviours between C57BL/6 and BALB/c mice25.
Standard conditions influencing levels of aggression. The following housing and husbandry variables 
were found to influence levels of aggression and are discussed in relation to the current literature. Our findings are 
not strain-specific (i.e. all strains were included in the analysis of standard conditions), which therefore does not take 
into account the potential variation in environment-interactions across different strains. Much of the previous lit-
erature has been conducted in specific strains of interest; these are noted where possible throughout the discussion.
Cage cleaning. It was clear from our study that there is variation in cage cleaning regimes with different cage 
cleaning approaches and frequencies. We found a spot clean when needed was associated with a significantly 
lower prevalence of aggression in comparison to weekly or fortnightly full cage change. Several studies have 
shown the effect of cage cleaning on levels of aggression in mice13,26. Cage cleaning disturbs scent marks, which 
temporarily disrupts the social hierarchy of animals in the cage and decreases social stability in the group27.
Transfer of cage bedding and nesting material. Our study showed 50% of facilities (22 of 44) transferred bedding 
material (i.e. cage floor substrate) and 86% (38 of 44) transferred nesting material. We found that not transferring 
nesting material from the soiled cage to the clean cage was associated with an increase in aggression-related inju-
ries. This finding suggests transfer of nesting material helps to reduce aggression.
In efforts to reduce the impact of cage cleaning on aggression, the transfer of nesting material has been previ-
ously proposed as good practice17. However, both scientific and anecdotal evidence is contradictory on whether 
transfer of olfactory cues in bedding and nesting material can increase or decrease aggression. For example, Gray 
and Hurst (1995) recommend mice are transferred to a completely clean cage if aggression is a concern, as they 
showed partial cleaning elicited aggression in the outbred CFLP strain. Van Loo et al. (2000) showed transfer 
of nesting material resulted in lower levels of aggression in the BALB/c strain. A later study clarified the type of 
material transferred impacts the level of aggression: transferring nesting material decreases aggression, whereas 
transferring soiled bedding material increases the level of aggression28. This was hypothesised to be due to the 
bedding material being contaminated with urine containing aggression-eliciting odour cues. The nesting material 
is kept clear of urine and faeces and contain hormones from glands in the body (e.g. plantar glands) that have 
been shown to inhibit aggression17.
Previous studies have compared type of bedding and its effects on levels of aggression (e.g. corncob bedding 
contains oestrogen disrupters that increase aggression29). Our study did not show any significant differences in 
aggression due to bedding type; the majority of facilities used aspen bedding (59%, 26 of 44) and only four facil-
ities reported using corn cob bedding.
Size of group. Our study found the standard number of mice housed per cage can affect the level of aggression. 
An increase in the prevalence of aggression was found in facilities which housed mice in cages of three as their 
standard condition. Previous evidence suggests housing mice in smaller social groups, such as three to five ani-
mals per cage, helps to avoid aggression12,15,30,31. The different results seen here could be due to the different study 
approaches and strains studied, which may not be directly comparable. For example, Butler (1980) observed 
wildtype mice in semi-natural enclosures and found that increasing population number increased the rate of 
agonistic interactions. Van Loo et al. (2001) studied BALB/c mice in laboratory setting, which were randomly 
allocated to groups of three, five or eight and monitored agonistic behaviour. The authors concluded that dom-
inance hierarchy is more stable in smaller groups and later made a recommendation to house mice in groups of 
three. Further evidence is required to support this recommendation to house mice in small groups of three given 
the results presented here. The effect of space allocation on the well-being has recently been reviewed32. The group 
behaviour and social interactions could be due to various environmental factors (e.g. cage size and environmental 
enrichment) in addition to group size33.
Method of selection. How mice were selected into the cage was found to be associated with the level of aggres-
sion. Selecting cage mates randomly was associated with an increased prevalence of aggression whilst select-
ing cage mates from littermates was associated with a decreased prevalence of aggression. These results are in 
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accordance with previous literature that highlights the importance of maintaining stable social groups. During 
randomisation, established social hierarchies are disrupted; aggression then occurs as part of the process to 
re-establish a new dominance hierarchy. Weber et al. (2017) recommended keeping littermates together after 
weaning to help decrease aggression10. Bartolomucci et al. (2002) concluded that keeping laboratory mice in 
same-sex sibling groups from birth provides the ideal social environment for their welfare34.
Supplier. The source of mice was shown to be associated with the prevalence of aggression at the facility level. 
Facilities that sourced mice from Supplier A had a greater prevalence of aggression. It should be noted, however, 
that many facilities used several suppliers and the source of each individual mouse was not linked directly to a 
given supplier. The suppliers’ identities have been anonymised in this study. More specific details on the methods 
of shipment (e.g. stocking density) and distance travelled are not available.
Standard conditions with no effect on aggression. Standard conditions that did not show a signifi-
cant relationship with the prevalence of aggression in our study include identification method, routine handling 
method, type of bedding and nesting material. Further discussion has been provided below about the cage envi-
ronment, temperature and age of weaning, which have been linked to aggression in previous studies.
Cage environment. Our study did not find any conclusive results for the effect of environmental enrichment on 
aggression. The current literature presents mixed conclusions (reviewed by Olsson et al.35), dependent on strain, 
enrichment type and availability. Some studies have found mice monopolize and defend structural enrichment 
such as cage furniture leading to a higher incidence of aggressive behaviour, whereas manipulable enrichment 
such as nesting material can decrease the incidence of aggression; other studies have found opposite effects36–38. 
Cage complexity has also been shown to have an effect on aggression; partial cage dividers resembling burrows 
have been shown to reduce aggressive behaviour in 8 week old male BALB/c mice39.
Temperature. Previous studies have shown increased aggression in the laboratory as ambient temperatures 
increase from 20 to 25 °C14. In our study, participants reported their standard laboratory temperature range, but 
we were unable to assess the impact of temperature on aggression due to all facilities reporting similar tempera-
ture ranges.
Age of weaning. Previous studies have shown the potential influence of weaning and early life experience on 
aggression40. The age of weaning was provided by the participating facilities but the lack of variability in the data 
(37 of 40 facilities reported weaning mice on day 21) meant it was not possible to examine if age of weaning had 
any effect on aggression.
Aggression-related injuries and actions taken. The descriptions of injuries in the injury log provide 
an insight into the most common areas of the body injured following aggression. Injuries typically present on the 
tail, lower back and rump area, indicating an attack, which is in line with previous reports observed in resident/
intruder experiments describing wounds on the dorsal area of mice41,42.
A range of actions were taken following observation of an injury. This possibly reflects the lack of guidance in 
this area. The data collected provides an insight into the range of actions taken to minimise further injury and will 
be used to inform future NC3Rs studies in this area.
Study limitations. This study adopted a novel approach using crowdsourcing to achieve a large data set. A 
key challenge of running a crowdsourcing project is maintaining data quality. There is the potential for inconsist-
ency in the data submitted due to the large number of participants and different approaches for collecting data. 
To minimise this, we provided learning material and quality checked the submitted data to ensure comprehensive 
and correct entry of fields in the spreadsheet. Where data was absent or unclear, queries were sent to study partic-
ipants to ensure the final data set was as complete and accurate as possible.
Participating facilities were predominantly UK academic institutions and may not be fully representative of 
the broader laboratory animal research community. This was a convenience sample population and participation 
in the study was voluntary, so responses may be biased towards facilities with lower levels of aggression. However, 
we consider the responses to be sufficiently representative to draw valid conclusions. Response bias is a limitation 
of every survey-based research project and might have influenced our findings, but there is no other practical 
way to achieve information on a large scale. The standard conditions reported by each facility were assumed to 
be uniform across the facility, however some variability was observed between the standard conditions and the 
conditions reported for each individual mouse in the injury log report. For example, 18 facilities did not report 
housing mice three per cage as a standard condition, however they reported incidents of aggression from mice 
housed in cages with three mice per cage.
The appearance of wounds may not be the best indicator of aggressive behaviour. Mild aggression which did 
not result in visible wounds may have been missed from the observational study. As a result, the reported preva-
lence of aggression may underestimate the true prevalence of aggression. Different methods have been developed 
to evaluate aggression with high sensitivity and specificity, such as the “Pelt Aggression Lesion Scale” which scores 
subcuticular signs of aggression observed during necropsy43. However, our study was limited to observational 
recordings during daily checks to avoid culling of animals. Further insight into the aggressive behaviour of ani-
mals could be studied using automated home cage monitoring systems44.
Incidents of injury recorded by participants may have erroneously included animals with ulcerative derma-
titis. Ulcerative dermatitis is a common, spontaneous condition in mice resulting in ulcerations on the dorsal 
cervical and thoracic regions45. The recording of injuries associated with aggression was subjective, however, 
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participants were provided with guidance and images on how to identify injuries resulting from fighting. The 
locations of the injuries reported (i.e. lower back, rump and tail) would suggest that they are related to aggressive 
attack rather than ulcerative dermatitis, which is usually concentrated in the cervical and thoracic regions.
Recommendations and future studies. In summary, it is clear from the results that there are many fac-
tors that are associated with aggression in group-housed male mice and that aggression is a common problem. 
Taking steps to prevent aggression in the laboratory would have a significant welfare benefit. Some of the factors 
that were found to be associated with aggression can easily be managed and we provide recommendations based 
upon the findings of the study and the current evidence base. Many of these recommendations are small, practical 
husbandry changes and should not require significant resources to implement.
 (1) Consider the strain of mice for your experiment: If a choice of strain is possible for the scientific aims of 
the study, consider whether a strain showing a low prevalence of aggression can be used. Bear in mind that 
some strains (i.e. C57BL/6 mice) may anecdotally be classed as highly aggressive but in fact show low levels 
of aggression.
 (2) Cages should be spot cleaned as needed: The frequency of cage cleaning should be kept to a minimum to 
avoid disruption of the olfactory cues in the cage environment. Spot cleaning dirty bedding as needed can 
keep disturbance to a minimum.
 (3) Nesting material should be transferred during cage cleaning: Transfer of some nesting material from 
soiled to clean cage helps to stabilise the olfactory cues in a group of mice. The nesting material transferred 
should be clean and dry. Do not transfer soiled bedding.
 (4) Mice should be group-housed with littermates, where possible: Avoid mixing unfamiliar mice together 
in a cage and instead establish stable groups with littermates, wherever possible. If randomisation is re-
quired as part of the allocation process for experimental design, this can be done without mixing unfa-
miliar mice in a cage. For example, randomisation to treatments can be done by marking individual mice 
(e.g. by tail markings) and allocating each mouse to a treatment group but allowing cages of littermates to 
be maintained for housing purposes. In this scenario, the cage would be considered a blocking factor to 
ensure an even distribution of treatments across the cages. Further information to help researchers with 
the allocation process can be found on the NC3Rs Experimental Design Assistant (https://eda.nc3rs.org.
uk/experimental-design-allocation).
 (5) Discuss how mice are shipped from suppliers: If mice are sourced from external suppliers, discuss the 
steps suppliers could take to reduce aggression. For example, request that animals are transported with 
littermates during the ordering process.
In some areas, our study findings were not in accordance with the current published literature and/or were 
not sufficiently conclusive to allow a recommendation to be made. Additional research in these areas could help 
further minimise the prevalence of aggression. The NC3Rs provides research funding schemes (www.nc3rs.org.
uk/funding), which may help facilitate such projects in the UK.
•	 Number of mice per cage: Our study found that housing mice in three animals per cage was associated with 
an increased prevalence of aggression. However, published studies (e.g. Van Loo et al. 2001) recommend 
housing mice in small groups. Other factors ought to be taken into consideration, such as, how the mice are 
selected to be housed together or how a cage is reduced from a higher stocking density.
•	 Environmental enrichment: It is not clear how environmental enrichment influences aggression as empirical 
evidence is conflicting. Depending on the evidence available, a systematic review and meta-analysis of the 
literature could provide evidence to support a recommendation (for example, SyRF is a free-to-use online 
resource for researchers to aid systematic review and meta-analysis of in vivo studies: http://syrf.org.uk).
•	 Actions taken to minimise further aggression: The variety of actions taken suggests there is a lack of con-
sensus on good practice. It is preferable to avoid single-housing and to maintain mice in groups where pos-
sible. One possibility to avoid isolating the presumed aggressor could be to split groups of mice experiencing 
aggression into two smaller subgroups, which has been supported by recent research46. A controlled study 
investigating different actions that could be taken would help provide further insight and guidance for min-
imising further aggression. However, we believe the focus should be on prevention of aggression in the first 
instance using the recommendations described above.
We intend to use the results of this study to develop hypotheses to test in a second phase study using a similar 
crowd-souring approach (updates will be made available at www.nc3rs.org.uk/laboratory-mouse-aggression-study).
Methods
Data collection. The study was open to all licensed facilities with group-housed male mice. Participation 
was encouraged via the NC3Rs website (www.nc3rs.org.uk), newsletter, social media accounts (Twitter, 
Facebook, LinkedIn) and staff contacts; the Institute of Animal Technology (IAT) website (www.iat.org.uk) 
and newsletter; and online forums and email lists for named persons working under the Animals (Scientific 
Procedures) Act 1986 (amended 2012) in UK animal facilities (i.e. Named Animal Care & Welfare Officer, 
Named Veterinary Surgeon). Participants were provided with study instructions, including images of mice with 
fight wounds, to help identify aggression-related injuries. Participants were also invited to view an online video 
tutorial providing step-by-step instructions on how to collect and submit data to the study www.nc3rs.org.uk/
laboratory-mouse-aggression-study.
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Technicians were asked to observe group-housed male mice during daily routine cage checks and to record 
information on incidents of aggression over a consecutive four-week period (between 1 September and 30 
November 2017). Technicians completed an Excel template (see Appendix) which was available to download 
from the NC3Rs website. The template consisted of the following:
•	 A1 Consent – Completed by the Facility Manager to provide institutional consent for participating in the 
study. Technicians also provided their individual consent to participate.
•	 A2 Standard conditions – Questionnaire focused on the standard husbandry conditions across the facility. Par-
ticipants responded to the questions using a dropdown list of answers to aid data gathering and standardisation.
•	 A3 Injury log - Information gathered for each incident of aggression-related injury including:
•	 The date of the incident, the identification number of the injured mouse, type of cage, the number of mice 
housed together in the cage and if the mice were in an experimental study or awaiting use (stock animals).
•	 Background information on the mouse strain, including wild-type or genetically altered. Details of the spe-
cific genetic modification were not required.
•	 For mice sourced from an external supplier, further information was requested about the mice in the 
shipment.
•	 For mice in an experimental study, information about the date of the last procedure, the procedure under-
taken, total number of procedures and if all mice in the cage were subjected to the same type and number of 
procedures.
•	 Details of the aggression-related injuries (location of hair loss or wounds, such as bites and scratches) and any 
behavioural disturbances.
•	 Actions taken to minimise further injury to the mice (e.g. removing bully mouse or adding cage enrichment).
•	 Observations over a seven-day period following the date of injury to note whether the actions taken to mini-
mise further injury to the cage were effective.
•	 A4 Total number of mice – Total number of male mice and cages of each strain housed in the facility over 
the data collection period. Participants were provided with further guidance and a table to help calculate the 
total number of mice and cages, taking into consideration mice received and culled during the data collection 
period. See Supplementary File 2 for guidance provided to participants to calculate total mice numbers.
All data submitted to the NC3Rs was treated as confidential, anonymised and held securely according to a Data 
Management Plan. Following data submission, the NC3Rs carried out quality checks of the data provided and que-
ried facilities to ensure a full and complete data set was obtained. Common queries included checking all relevant 
background information was provided; clarifying if the seven-day follow up period was completed; ensuring data 
was collected during a defined data collection period; and ensuring only one injured mouse was documented in each 
row of the spreadsheet. Data was excluded from males housed with females (i.e. breeding colonies).
participating facilities. In total, 44 facilities participated from nine countries (Canada (n = 1), Denmark 
(n = 1), Germany (n = 1), Poland (n = 1), The Netherlands (n = 1), Sweden (n = 1), Switzerland (n = 1), USA 
(n = 2) and the UK (n = 35)). The type of facilities that participated in the study included universities, contract 
research organisations, biotech and pharmaceutical companies, government and charitable facilities. A total of 
143 animal technicians participated in the study. 120 animal technicians based in the UK were each awarded 10 
Continuing Professional Development (CPD) points from the UK IAT for participating in the study.
Statistical analysis. Data from each facility were collated into a master Excel spreadsheet (see 
Supplementary File 1) and were analysed using MLwiN Version 3.0047. Prevalence of aggression in different 
mouse strains was calculated and compared to investigate differences using a chi-squared independence test (the 
simplest appropriate test for comparing counts of aggressive incidents for each strain). Multilevel logistic regres-
sion models were used to test hypotheses regarding the relationship between aggression occurring in the presence 
of a standard condition (i.e. number of mice in cage, cage cleaning protocol) whilst accounting for heterogeneity 
within facilities. Odds ratios were calculated via the coefficients of the multilevel logistic regression models to 
provide an estimate of the odds of aggression occurring in the presence of a standard condition variable versus its 
absence. For example, we give the odds of aggression for keeping three mice per cage versus any other number of 
mice per cage rather than choosing a base category such as two mice per cage.
Received: 9 April 2019; Accepted: 3 October 2019;
Published: xx xx xxxx
References
 1. Annual Statistics of Scientific Procedures on Living Animals 2017. (UK Home Office, 2018).
 2. Code of Practice for the Housing and Care of Animals Bred, Supplied or Used for Scientific Purposes. (UK Home Office, 2014).
 3. ILAR Guide for the Care and Use of Laboratory Animals. (National Research Council 2011).
 4. Council of Europe Convention ETS 123. (Council of Europe 2006).
 5. Kappel, S., Hawkins, P. & Mendl, M. T. To group or not to group? Good practice for housing male laboratory mice. Animals: an open 
access journal from MDPI 7 (2017).
 6. Latham, N. & Mason, G. From house mouse to mouse house: the behavioural biology of free-living Mus musculus and its 
implications in the laboratory. Applied Animal Behaviour Science 86, 261–289 (2004).
 7. So, N., Franks, B., Lim, S. & Curley, J. P. A social network approach reveals associations between mouse social dominance and brain 
gene expression. Plos One 10, e0134509 (2015).
1 1Scientific RepoRtS |         (2019) 9:15211  | https://doi.org/10.1038/s41598-019-51674-z
www.nature.com/scientificreportswww.nature.com/scientificreports/
 8. Williamson, C. M., Lee, W. & Curley, J. P. Temporal dynamics of social hierarchy formation and maintenance in male mice. Animal 
Behaviour 115, 259–272 (2016).
 9. Hurst, J. L. & Beynon, R. J. Scent wars: the chemobiology of competitive signalling in mice. BioEssays: news and reviews in molecular, 
cellular and developmental biology 26, 1288–1298 (2004).
 10. Weber, E. M., Dallaire, J. A., Gaskill, B. N., Pritchett-Corning, K. R. & Garner, J. P. Aggression in group-housed laboratory mice: why 
can’t we solve the problem? Lab animal 46, 157–161 (2017).
 11. Sherwin, C. M. The influences of standard laboratory cages on rodents and the validity of research data. Animal Welfare 13, 9–15 
(2004).
 12. Van Loo, P. et al. Strain-specific aggressive behavior of male mice submitted to different husbandry procedures. Aggressive Behavior 
29, 69–80 (2003).
 13. Lockworth, C. R., Kim, S.-J., Liu, J., Palla, S. L. & Craig, S. L. Effect of enrichment devices on aggression in manipulated nude mice. 
Journal of the American Association for Laboratory Animal Science: JAALAS 54, 731–736 (2015).
 14. Greenberg, G. The effects of ambient temperature and population density on aggression in two inbred strains of mice, Mus 
Musculus. Behaviour 42, 119–130 (1972).
 15. Van Loo, P. L., Mol, J. A., Koolhaas, J. M., Van Zutphen, B. F. & Baumans, V. Modulation of aggression in male mice: influence of 
group size and cage size. Physiology & behavior 72, 675–683 (2001).
 16. Gaskill, B. N. et al. The effect of early life experience, environment, and genetic factors on spontaneous home-cage aggression-related 
wounding in male C57BL/6 mice. Lab Anim (NY) 46, 176–184 (2017).
 17. Van Loo, P. L. P., Kruitwagen, C. L. J. J., Van Zutphen, L. F. M., Koolhaas, J. M. & Baumans, V. Modulation of aggression in male mice: 
influence of cage cleaning regime and scent marks. Animal Welfare 9, 281–295 (2000).
 18. Koolhaas, J. M. et al. The resident-intruder paradigm: A standardized test for aggression, violence and social stress. Journal of 
Visualized Experiments: JoVE, 4367 (2013).
 19. Misra, A., Gooze, A., Watkins, K., Asad, M. & Dantec, C. L. Crowdsourcing and its application to transportation data collection and 
management. Transportation Research Record: Journal of the Transportation Research Board 2414, 1–8 (2014).
 20. Guillot, P.-V. & Chapouthier, G. Intermale aggression and dark/light preference in ten inbred mouse strains. Behavioural Brain 
Research 77, 211–213 (1996).
 21. Serri, G. A. & Ely, D. L. A comparative study of aggression related changes in brain serotonin in CBA, C57BL, and DBA mice. Behav 
Brain Res 12, 283–289 (1984).
 22. Annas, A., Bengtsson, C. & Tornqvist, E. Group housing of male CD1 mice: reflections from toxicity studies. Laboratory animals 47, 
127–129 (2013).
 23. Bisazza, A. Social organization and territorial behaviour in three strains of mice. Bolletino di zoologia 48, 157–167 (1981).
 24. Parmigiani, S., Palanza, P., Rodgers, J. & Ferrari, P. F. Selection, evolution of behavior and animal models in behavioral neuroscience. 
Neuroscience & Biobehavioral Reviews 23, 957–970 (1999).
 25. An, X. L. et al. Strain and sex differences in anxiety-like and social behaviors in C57BL/6J and BALB/cJ mice. Experimental animals 
60, 111–123 (2011).
 26. Gray, S. & Hurst, J. L. The effects of cage cleaning on aggression within groups of male laboratory mice. Animal Behaviour 49, 
821–826 (1995).
 27. Hurst, J. L. The priming effects of urine substrate marks on interactions between male house mice, Mus musculus domesticus 
Schwarz & Schwarz. Animal Behaviour 45, 55–81 (1993).
 28. Van Loo, P. L., Van Zutphen, L. F. & Baumans, V. Male management: Coping with aggression problems in male laboratory mice. Lab 
Anim 37, 300–313 (2003).
 29. Villalon Landeros, R. et al. Corncob bedding alters the effects of estrogens on aggressive behavior and reduces estrogen receptor-
alpha expression in the brain. Endocrinology 153, 949–953 (2012).
 30. Butler, R. G. Population size, social behaviour, and dispersal in house mice: A quantitative investigation. Animal Behaviour 28, 78–85 
(1980).
 31. Poole, T. B. & Morgan, H. D. Differences in aggressive behaviour between male mice (Mus musculus L.) in colonies of different sizes. 
Anim Behav 21, 788–795 (1973).
 32. Svenson, K. L. & Paigen, B. Recommended housing densities for research mice: filling the gap in data-driven alternatives. FASEB 
journal: official publication of the Federation of American Societies for Experimental Biology 33, 3097–3111 (2019).
 33. Shemesh, Y. et al. High-order social interactions in groups of mice. eLife 2, e00759 (2013).
 34. Bartolomucci, A., Palanza, P. & Parmigiani, S. Group housed mice: are they really stressed? Ethology Ecology & Evolution 14, 
341–350 (2002).
 35. Olsson, I. A. & Dahlborn, K. Improving housing conditions for laboratory mice: a review of “environmental enrichment”. Lab Anim 
36, 243–270 (2002).
 36. Haemisch, A. & Gartner, K. Effects of cage enrichment on territorial aggression and stress physiology in male laboratory mice. Acta 
physiologica Scandinavica. Supplementum 640, 73–76 (1997).
 37. Howerton, C. L., Garner, J. P. & Mench, J. A. Effects of a running wheel-igloo enrichment on aggression, hierarchy linearity, and 
stereotypy in group-housed male CD-1 (ICR) mice. Applied Animal Behaviour Science 115, 90–103 (2008).
 38. Giles, J. M., Whitaker, J. W., Moy, S. S. & Fletcher, C. A. Effect of environmental enrichment on aggression in BALB/cJ and BALB/
cByJ mice monitored by using an automated system. Journal of the American Association for Laboratory Animal Science: JAALAS 
(2018).
 39. Tallent, B. R., Law, L. M., Rowe, R. K. & Lifshitz, J. Partial cage division significantly reduces aggressive behavior in male laboratory 
mice. Laboratory animals 52, 384–393 (2018).
 40. Kikusui, T., Takeuchi, Y. & Mori, Y. Early weaning induces anxiety and aggression in adult mice. Physiology & behavior 81, 37–42 
(2004).
 41. Litvin, Y., Blanchard, D. C., Pentkowski, N. S. & Blanchard, R. J. A pinch or a lesion: a reconceptualization of biting consequences in 
mice. Aggressive Behavior 33, 545–551 (2007).
 42. Blanchard, R. J., O’Donnell, V. & Caroline Blanchard, D. Attack and defensive behaviors in the albino mouse. Aggressive Behavior 5, 
341–352 (1979).
 43. Gaskill, B. N. et al. He’s getting under my skin! Comparing the sensitivity and specificity of dermal vs subcuticular lesions as a 
measure of aggression in mice. Applied Animal Behaviour Science 183, 77–85 (2016).
 44. Bains, R. S. et al. Analysis of individual mouse activity in group housed animals of different inbred strains using a novel automated 
home cage analysis system. Frontiers in Behavioral Neuroscience 10 (2016).
 45. Hampton, A. L. et al. Progression of ulcerative dermatitis lesions in C57BL/6Crl mice and the development of a scoring system for 
dermatitis lesions. Journal of the American Association for Laboratory Animal Science: JAALAS 51, 586–593 (2012).
 46. Blankenberger, W. B. et al. Breaking up is hard to do: Does splitting cages of mice reduce aggression? Applied Animal Behaviour 
Science 206, 94–101 (2018).
 47. Charlton, C., Rasbash, J., Browne, W., Healy, M. & Cameron, B. MLwiN Version 3.00. Centre for Multilevel Modelling, University of 
Bristol (2017).
1 2Scientific RepoRtS |         (2019) 9:15211  | https://doi.org/10.1038/s41598-019-51674-z
www.nature.com/scientificreportswww.nature.com/scientificreports/
Acknowledgements
We are grateful to the following individuals who helped inform the study design and pilot project: Sara Wells, 
Marie Hutchison and Mark Gardiner at MRC Harwell; James Bussell, Catherine McCarthy and Mark Griffiths 
at the Wellcome Sanger Institute; Sally Robinson and Amy Deaville at Astrazeneca UK. Sincere thanks to 
all technicians and facility managers who participated in the data collection for this study. The participating 
organisations were: AstraZeneca, Sweden, AstraZeneca, UK, Babraham Institute, UK, Cardiff University, UK, 
Delware Valley University, USA, École Polytechnique Fédérale de Lausanne, Switzerland, Eisai, UK, Envigo, UK*, 
Fera Science Ltd, UK, Imperial College London, UK, Maastricht University, Netherlands, Max Planck Institute 
for Biophysical Chemistry, Germany, Montreal Clinical Research Institute, Canada, MRC Harwell Institute, 
UK, MRC Laboratory of Molecular Biology, UK, MRC Prion Unit, UCL, UK, National Institute for Biological 
Standards and Control (NIBSC), UK, Novo Nordisk Research Center, Denmark, Novo Nordisk Research Center, 
USA, Plymouth University, UK, The Francis Crick Institute, UK, University College London, UK*, University 
of Aberdeen, UK, University of Dundee, UK, University of Edinburgh, UK*, University of Glasgow, UK, 
University of Manchester, UK, University of Nottingham, UK, University of Oxford, UK, University of Sheffield, 
UK, University of Warwick, UK, Warsaw University of Life Sciences, Poland, Wellcome Sanger Institute, UK, 
*Multiple facilities at these organisations participated in the study.
Author contributions
The study was designed by K.O., M.P. and W.B. The survey was administered by K.L. and KO who managed the 
data acquisition and anonymisation to maintain anonymity of individuals and laboratories. The statistical analysis 
was supported by W.B. The paper was written by K.L. and M.P., with support from K.O. and W.B.
competing interests
The authors declare no competing interests.
Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-51674-z.
Correspondence and requests for materials should be addressed to M.J.P.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019
